This study evaluates prevalence of hypertension in 1996 and 2006, and examines the relationship between hypertension and weight of Taiwanese young adolescents. Two cross-sectional surveys, administered in 1996 and 2006, to junior-high school in Taipei were included. Anthropometric and blood pressure were measured using standard methods, and structured questionnaire was used to collect personal history and lifestyle characteristics. Overweight and obesity are defined based on Taiwan's Department of Health criteria and bases pre-hypertension and hypertension on the 90th and 95th percentile distribution of blood pressure of the population of both surveys. The prevalence of pre-hypertension in Taiwan between 1996 and 2006 increased from 12.0 to 14.4% for boys and decreased from 9.5 to 9.4% for girls. Hypertension increased from 22.8-29.7% and 12.5-20.7% for both boys and girls, respectively. In 1996, compared with normal young adolescents, the risk of hypertension for overweight was 1.8 times higher for boys and 3.4 times for girls. However, the risk of hypertension for overweight in 2006 was 1.7 times higher for boys and 1.5 times higher for girls compared with normal. Every unit increment of body mass index and waist circumference was associated with 17-27% and 6-11% risk of hypertension in both genders in 1996, and was associated with 9-13% and 4% risk of hypertension among young adolescents in 2006, respectively. The prevalence of hypertension has increased significantly in young adolescents, especially for overweight. It is necessary to enrol young adolescents in weight management programs to prevent hypertension-related co-morbidities.
Introduction
Hypertension is a common chronic disease and an important factor in assessing the risk of adults of suffering from cardiovascular-related diseases. 1, 2 Many studies show an increase in the worldwide prevalence of hypertension. 3 In 2000, approximately 972 million adults suffered from hypertension. Researchers predict that this number will rise 60%, or 1.56 billion by the year 2025 (Kearney et al. 3 ). Elevated blood pressure levels in children strongly indicate that they will suffer from hypertension as adults. 4, 5 Studies also demonstrate that the prevalence of hypertension among US children increased from 2.1 to 3.0% between 1988 8 Pre-hypertension is a high risk for developing hypertension, which may also lead to coronary heart disease. 9 Identifying pre-hypertension in children would help to recognize the need for early management. However, very few studies address the prehypertension trends in children. [6] [7] [8] The prevalence of pre-hypertension among US children increased from 7.3 to 9.7% between 1988 and 2006 in the United States, 6, 7 and in Greece, escalated from 32.5 to 36.2% between 2004 and 2007 (Kollias et al. 8 ). Since childhood obesity has recently become a global problem, 10 it has become increasingly important to address the development of hypertension among children and adolescents. 11, 12 This high prevalence of obesity increases the importance of examining hypertension trends. 13, 14 The growing obesity epidemic may contribute to an unexpected increase in the number of children with hypertension. 15, 16 Since childhood hypertension is associated with adulthood hypertension and other chronic diseases, 4 previous studies advocate the early detection and prevention of childhood hypertension. 11, 15, [17] [18] [19] In Taiwan, the increasing availability of high fat, high calorie foods has contributed to the continually increasing obesity levels of adults and children. 20 However, no population-based studies examine the relationship between hypertension and obesity in children. Therefore, this study evaluates the trend of hypertension and the relationship between body mass index (BMI) and waist circumference (WC) in Taiwanese young adolescents.
Materials and methods

Study design and sampling
The Taipei Children Heart Studies are epidemiologic surveys of school children living in Taipei and their risk for cardiovascular disease within the past decade. This study includes two repeated crosssectional surveys, one administered in 1996 and another in 2006 (Chu et al. 21 ). In brief, these surveys were administered to junior-high school students in Taipei to collect a representative distribution of demographic, lifestyle and biochemical characteristics to measure their risk for cardiovascular disease. After multistage sampling, researchers randomly selected 1500 Taipei school children in 1996, and 1283 in 2006. Considering the magnitude of the study and excluding any missing data, this study used 1354 of the surveys (677 boys and 677 girls) from 1996, and 1203 (585 boys and 618 girls) children from 2006, in the final analyses.
Data collection
The Ethical Committee of the Scientific Institute approved these studies and obtained informed consent from both the parents and the young adolescents. All of the participating young adolescents completed a structured questionnaire detailing their gender, age, puberty development and lifestyle characteristics, including cigarette smoking and alcohol consumption. The sample was divided into young adolescents who never smoked, smoked in the past and currently smoke based on their responses to the questionnaire. This study divides alcohol consumption into two categories; currently drinks and never drinks, based on the frequency of alcohol consumption. Survey questions on puberty included items regarded the development of penis/testis and pubic hair for boys; and breast enlargement and pubic hair for girls.
Anthropometric measurement
Body weight was measured to an accuracy of 0.1 kg using a standard beam balance scale, with subjects barefoot and wearing light indoor clothing. Body height was recorded to the nearest 0.5 cm using a ruler attached to the scale. WC was measured to the nearest 0.1 cm at the midpoint between the inferior margin of the last rib and the iliac crest. BMI was obtained through body weight (kg) divided by the square of their height (m).
Blood pressure measurement and definition Blood pressure (BP) was measured on the right arm using an appropriate cuff size after subjects had rested for 10 min in a sitting position; the first and fifth Korotkoff sounds were recorded as systolic BP (SBP) and diastolic BP (DBP), respectively. The BP was measured again after a 5-min rest and the average BP was used in the analysis. Heart rate was measured for 1 min during the first and second BP measurements.
This study considers young adolescents to suffer from pre-hypertension if either the SBP or DBP is Xthe 90th percentile, but othe 95th percentile of the age-, gender-and height-specific strata. 9 A SBP or DBP results 'the 95th percentile for age, gender and height indicated hypertension. 9 Definition of overweight and obesity in young adolescents The operational definition of overweight and obesity often applies gender-and age-specific percentile cut-points to a reference population. Most studies use the 85th percentile for overweight and 95th percentile for obesity. This measure defines overweight (Xthe 85th percentile value of BMI) and obesity (Xthe 95th percentile value of BMI) using gender-and age-specific criteria from an expert panel on children and young adolescents obesity from the Taiwan's Department of Health.
Statistic analyses
This paper describes continuous variables, the distribution of anthropometric characteristics, and BP profiles with gender specification using sample means and s.d. This paper estimates the ageadjusted means and s.e. using a general linear model. This paper also expresses categorical variables using frequency and percentages. To determine if weight status is a predictor of prehypertension and hypertension, this study uses multivariate regression models to assess the relationship between pre-hypertension and hypertension with weight status. A two-tailed P-value o0.05 was considered statistically significant. The statistical package SAS (SAS Institute Inc., Cary, NC, USA) conducts all of the statistical analyses.
Results
The 1996 survey included 1354 young adolescents (677 boys and 677 girls) with a mean age of 13.0 (range 12-14 years). This cross-sectional survey, the age-adjusted mean (±s.e.) SBP is 113.9±0.5 and 104.4±0.5 mm Hg, and the DBP is 67.5±0.4 and 67.7 ± 0.4 mm Hg for boys and girls, respectively.
The 2006 survey included 1203 young adolescents (585 boys and 618 girls) with a mean age of 13.1 (range 12-14 years). The age-adjusted mean ( ± s.e.) SBP is 117.8 ± 0.5 and 111.2 ± 0.5 mm Hg, and the DBP is 69.0±0.4 and 69.7±0.4 mm Hg for boys and girls, respectively. There is a higher significant difference in both the SBP and DBP among young adolescents from 1996 to 2006 (all Po0.01, except DBP for boys, P ¼ 0.19). Table 1 presents the anthropometric and lifestyle characteristics for all young adolescents in 1996 and 2006. In general, the age-adjusted mean body weight, BMI and WC of the boys were higher in 2006 (all Po0.05). However, the girls in 2006 were lighter and had a lower BMI than the data from 1996. Table 2 shows the age-adjusted prevalence of prehypertension and hypertension among young adolescents in Taiwan in 1996 and 2006. In both genders, the age-adjusted prevalence for pre-hypertension and hypertension increased from 1996 to 2006. The age-adjusted prevalence for pre-hypertension increased from 13.8 to 21.3% for the boys, and 13.0-19.7% for the girls. The age-adjusted prevalence for hypertension escalated from 7.3 to 11.4% for the boys, and 6.5-10.9% for the girls. Table 3 displays the age-adjusted prevalence for pre-hypertension and hypertension various categories of weight statuses in 1996 and 2006. The age-adjusted prevalence for pre-hypertension in overweight (including obesity) groups increased from 23.4 to 29.6% for boys, and 25.5-26.5% for girls. The age-adjusted prevalence for hypertension for overweight young adolescents escalated from 14.5 to 16.1% among boys, and 13.3-17.2% among girls. Note that, in 1996, when compared with normal sized young adolescents, the risk of prehypertension for overweight young adolescents is 2.5 times more likely for boys, and 2.9 times more likely for girls. Overweight young adolescents are 3.2-3.7 times more likely to suffer from hypertension than young adolescents with a normal weight. However, in 2006, the risk of pre-hypertension for overweight young adolescents was 1.8 times for boys and 1.5 times for girls. The overweight young adolescents had 1.9 times more risk for hypertension when compared with normal weight young adolescents. Table 4 
Discussion
The cross-sectional surveys in this study show that in Taiwan, the prevalence of pre-hypertension increased in boys but remained the same in girls in Pre-hypertension is taken as SBP or DBP Xthe 90th percentile, but o95th percentile of age-, gender-and height-specific strata. b Hypertension is taken as SBP or DBP Xthe 95th percentile of age-, gender-and height-specific strata.
Obesity and hypertension among young adolescents F-H Lin et al 1996 and 2006. However, hypertension increased in both genders during the same period. The risk of hypertension for overweight young adolescents, when compared with normal sized young adolescents was 1.8 times more likely for boys, and 3.4 times more likely for girls in 1996, and in 2006 1.7 times more likely for boys and 1.5 times more likely for girls. There are still positive associations between pre-hypertension and hypertension with BMI and WC among young adolescents (except girls in 2006) during both periods after adjusting for age, cigarette smoking, alcohol consumption and puberty status. For every unit increase in BMI, young adolescents had a 17-27% increased risk of hypertension in 1996, and a 9-13% in 2006. For every unit increase in WC, there was a 6-11% increased risk of hypertension in 1996, and 4% in 2006.
Data show that from 1996 to 2006, the surveyed young adolescents ages 12-14, the boys display a higher prevalence for pre-hypertension (12.0-14.4%) than the stable rate of the girls (9.5-9.4%). These findings are similar to the US NHNAES surveys (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) . These surveys tested young adolescents ages 13-17 and the results show that pre-hypertension was higher for boys (20.0-20.4%) and lower for girls (7.6-6.8%). 7 The trends in the mean BP and the prevalence of hypertension are similar to some of these studies. 7, 8, 14, 15, 22 In the United States, the Princeton School Study demonstrated that both the mean SBP and DBP were significantly higher in 1973-1975, than 1989-1990 among children aged 7-12 (Morrison et al. 22 ). Between the US NHANES III (1988) (1989) (1990) (1991) (1992) (1993) (1994) and the NHANES (1999-2000) surveys, the mean BP and the prevalence of hypertension also increased among both genders between the ages of 8 and 17 (Muntner et al.
14 ; Din-Dzietham et al. 15 ). The prevalence of hypertension also increased among girls in NHANES (2003) (2004) (2005) (2006) ) when compared with NHANES III (1988) (1989) (1990) (1991) (1992) (1993) (1994) . 7 In Greece, the mean BP and prevalence for pre-hypertension and hypertension heightened between 2004 and 2007 among adolescent boys between the ages of 12 and 17. According to epidemiologic evidence that obesity causes hypertension and the mechanisms of obesity-hypertension linkage, 6 ,23 a corresponding increase in the prevalence of obesity and upward hypertension in children seems reasonable.
However, many studies are inconsistent with the changes of parallel in obesity and hypertension over time in past decades. [24] [25] [26] [27] In the United States, the Bogalusa heart study and the Minneapolis Children's BP Study illustrated a decline in either the SBP or DBP among different groups between the ages of 10 and 17 years, from 1981 to 1992 and 1986 to 1996, respectively. 24, 25 In the Seychelles, the mean SBP declined 2.8-3.0 mm Hg in children, whereas the mean DBP did not change in boys, and elevated slightly (0.4 mm Hg) in girls between 1998 and 2006 (Chiolero et al. 26 ). In the Korean NHANES Survey (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) , the mean SBP decreased 7.5-8.7 mm Hg in children, whereas the mean DBP elevated slightly (0.2-1.5 mm Hg) in both genders between 1998 and 2005 (Park et al. 27 ). Weight status, including BMI, WC or any other index of adiposity, is a major determinant of BP. Since these studies do not show a large increase in BP over time, despite a heightening prevalence of obesity, this suggests that other factors may also affect BP over time. These factors may involve nutrition characteristics, such as the intake of salt, dairy products, fruit and vegetables, or a birth-related diet, such as breastfeeding, which contains long-chain poly-unsaturated fatty acids found in breast milk. [28] [29] [30] This study demonstrates that the mean BP and prevalence of hypertension were higher in 2006 than in 1996. However, in Taiwan the prevalence of overweight young adolescents (including obesity) increased from 31.6 to 38.0% in boys, but remained stable (24.5-24.4%) in girls during the same period (data not shown). Overweight children with prehypertension or hypertension have a lower risk than normal weight groups, especially in girls, which are similar to the US NHNAES surveys from 1988 to 2002 (Muntner et al.
14 ; Din-Dzietham et al. 15 ). In US NHNAES surveys from 1988 to 2002, the ageadjusted mean rise in SBP between 1988-1994 and 1999-2002 is comparable for lean (1.0 mm Hg), overweight (0.9 mm Hg) and obese (0.6 mm Hg) children. However, the DBP rise during the same period was larger and significant for lean (9.2 mm Hg), overweight (7.4 mm Hg) and obese (4.7 mm Hg) children. Lean children displayed the largest elevation in both SBP and DBP, which may indicate that obesity is not the primary cause for a rise in BP. This suggests that an increase in body composition (such as BMI and WC) may not explain all of the factors that contribute to an increasing prevalence for hypertension among children. Hormonal and environmental factors may also have a role in the causal pathway for childhood hypertension. [31] [32] [33] Previous studies report that changes in BMI are a better predictor for BP than changes in childhood WC over a longer period, but are very similar predictors for BP in cross-sectional measurements. 19 This study shows that both the BMI and WC statistically elevate the risk of hypertension over time. The adipose indicator for prediction of prehypertension and hypertension are higher in BMI than WC. For every incremental unit of BMI and WC, the odds ratio for pre-hypertension was 1.08-1.13 and 1.02-1.04 in both genders, respectively (all Po0.05, except for girls in 2006). For hypertension during the same period, they were 1.09-1.27 and 1.04-1.11 (all Po0.05) among young adolescents for every BMI and WC unit elevation, respectively. These results are similar to a cohort study of school children (1994) (1995) (1996) (1997) , aged 8-9 years at the initial testing, and 11-12 years at follow-up in Australia. 19 This study shows that a larger change in BMI is a better predictor (r ¼ 0.43 for SBP and r ¼ 0.26 for DBP, all Po0.001) than a change in WC (r ¼ 0.18 for SBP and r ¼ 0.16 for DBP, all Po0.001) in boys and girls. In addition, in the US NHNAES surveys (1999) (2000) (2001) (2002) , the odds ratio for pre-hypertension was 1.6-1.7 and 1.22-1.28 among the three tested ethnicities (blacks, whites and Hispanics) for one BMI z-score unit and a 5-cm WC increment, respectively. Hypertension during the same period was 1.09-1.27 and 1.04-1.11 (all Po0.05) among children with the same BMI and WC unit elevation, respectively. 15 This study reveals no significant risks of pre-hypertension from BMI or WC among girls in 2006. Other than the adipose factors (such as lifestyle), may make these finding statistically insignificant.
The trends of hypertension in children are not in accordance with the trends among adults within the same country. 7, 8, 14, 15, 22, 34, 35 Past studies reported that over the past decade, the prevalence of hypertension remains stable or decreases in economically developed countries, however, it increases in developing countries. 3 Taiwan, an economically developed country, also experienced a decrease in the prevalence of hypertension (age-adjusted prevalence: 26.6-23.5%, from 1993 to 2002) and a decrease in the mean BP in adults. 35 However, the prevalence of obesity is still increasing in Taiwanese children and adults, 20, 36 and the trends of hypertension in children are consistent with the rate of increasing obesity. The following lists possible reasons for the inconsistent trends of hypertension between children and adults in Taiwan. First, health policies, including health-care systems, medical-care systems and health education may focus on the middle-aged and older population. In 1997, Taiwan's National Health care system initiated nationwide adult health examination programs for citizens 40 years old or older. This program supplies preventive care and health education for adults. In addition, paediatric clinicians may find it difficult to diagnose hypertension because the consensus guidelines for hypertension in children are vague. This may result in paediatricians disregarding (or under-diagnosing) this disorder. 37 No agenda to prevent adult hypertension may result in ignoring childhood hypertension in Taiwan. Second, a time lag may exist between an increase in obesity and an increase in hypertension. Data show that hypertension and the mean BP elevation lagged 10 years behind a noticeable rise in obesity. 15 Therefore, this paper hypothesizes that there might be a time lag between a decrease in adult hypertension and a decrease in childhood hypertension.
There are several limitations to this study. In a cross-sectional study of hypertension and weight status, an adult population may yield biased results since the treatment of hypertension among overweight subjects could decrease the difference in clinical measures between overweight and normal weight subjects. However, this study shows that school-aged children and young adolescents rarely consume a specialized diet or follow exercise regimens and most do not receive treatment for hypertension, hyperlipidaemia, hyperglycaemia, cardiovascular disease or obesity. Second, this study excludes hypertension-related environmental factors, such as diet habits, nutrition condition (salt, cholesterol intake) and physical activities, and so on, which may affect the test subjects, but do not alter the study results. Finally, the US Task Force on Hypertension Control in Children and Adolescents recommends measuring blood pressure on three or more separate occasions before identifying the type of hypertension. 12 Owing to the limited time to perform each physical examination, this study only measures the BP values twice on a 5-min rest interval to increase the accuracy of BP in a single visit, and uses the average in the analyses. Measurement errors while assessing biological variables of BP and anthropometric variables are likely to be minimal and any error would likely be random and only attenuate the results.
Notable findings of this study are the trends of hypertension and obesity that correspond to the epidemiologic evidence regarding obesity as a cause of hypertension and mechanisms of obesity-hypertension. However, the influence of adipose on developing hypertension seems smaller than previously recorded. Studies on Taiwanese adults show an increased control of hypertension, including decreasing prevalence, increasing awareness and treatment between 1993 and 2006 (Tu et al.
35
). In summary, the prevalence of pre-hypertension and hypertension have increased significantly for Taiwanese young adolescents. However, the influences of adipose on developing hypertension were less than before. Therefore, further mechanistic research should explore how hypertension in Taiwanese children and young adolescents has changed over time.
